produce endospores which resist ultra high temperature (UHT) and industrial sterilization 25 processes. It was described by Pettersson et al. (1996) based on seven genetically homogeneous 26 isolates all from UHT-milk. Bacillus oleronius, the closest phylogenetic neighbor of B. 27 sporothermodurans, was described by Kuhnigk et al. (1995) , based on a single strain, isolated from 28 the hindgut of the termite Reticulitermes santonensis. A polyphasic study of a heterogeneous 29 collection of B. sporothermodurans and B. oleronius strains isolated from various sources and 30 geographic origins led to an emended description of both species. Additional data presented are the 31 results of fatty acids, quinones and/or cell wall analysis (polar lipids). DNA-DNA hybridizations 32 confirmed 3 subgroups of strains obtained after SDS-PAGE analysis of cellular proteins as B. 33 sporothermodurans. One named B. sporothermodurans strain (R-7489) was reclassified as a 34
Bacillus fordii strain. The phenotypic profiles of both species were rather heterogeneous, 35 sometimes different from the original descriptions and did not differ in a large number of 36 characters, although B. oleronius generally gave stronger reactions in its positive tests than did B. 37 sporothermodurans; the variable and weak reactions for both organisms with some substrates 38 blurred the distinction between both. However, differences in polar lipid, SDS-PAGE and 39 menaquinone profiles clearly allow distinction between the two species. 40
Bacillus sporothermodurans was described by Pettersson et al. (1996) as a species producing 41 highly heat-resistant endospores that may survive ultra high temperature (UHT) treatment of 42 milk. The spore resistance to UHT-conditions (typically 140°C for a few seconds) was proven 43 both with an isolate from UHT-milk (Huemer et al., 1998) as with spores naturally occurring 44 in contaminated UHT-milk (Scheldeman et al., 2006) . Isolates of this species were also found 45 in sterilized milk and milk products such as UHT-cream, chocolate milk, evaporated milk and 46 reconstituted milk (Herman et al., 2000) . As a consequence, surviving spores may germinate 47 and grow in the consumer milk or milk product causing the technological problem of non-remarkable observation that one clone (HRS-clone) was concerned in the majority of the cases; 50 only a few German isolates were found to be different from this HRS-clone by a non-51 hierarchical three-dimensional scaling of molecular typing data (Guillaume-Gentil et al. 2002) . 52
In the same study, farm isolates of B. sporothermodurans isolated from raw milk, feed 53 concentrate and silage were shown to be genetically very heterogeneous and different from the 54 HRS-clone. These farm isolates were identified as B. sporothermodurans by a specific PCR 55 and for an isolate from raw milk and from feed concentrate also by DNA-DNA hybridization 56 (Scheldeman et al., 2002) . In the same study as well as in Vaerewijck et al. (2001) , Bacillus 57 oleronius was isolated from raw milk and feed concentrate. Hitherto, this species had only 58 been isolated from the hindgut of a termite and described on the basis of one isolate from this 59 source (Kuhningk et al., 1995) . 60
Because of the observed genetic heterogeneity, the original description of B. sporothermodurans, 61
which was based on only a few genetically homogeneous UHT isolates belonging to the HRS-clone 62 (Petterson et al., 1996) , may no longer be adequate. One example is the upper growth limit reported 63
by Petterson et al. (1996) to be 50 °C for the type strain but shown to be as high as 55 °C for farm 64
isolates (Scheldeman et al., 2002) . This prompted us to prepare an emended description of this 65 industrially important organism as well as of its phylogenetic neighbour, B. oleronius, with the 66 inclusion of genetically heterogeneous farm isolates for both species. 67
The B. sporothermodurans and B. oleronius strains used are listed in Table 1 . They were 68 grown on Brain Heart Infusion (BHI) (Oxoid) supplemented with Bacteriological agar no. 1 69 (15 g l -1 ) (Oxoid) and filter sterilized vitamin B 12 (1 mg l -1 ) at 37 °C for 48 h for all analyses 70 (unless otherwise indicated). The B. sporothermodurans specific PCR (BSPO-PCR) described 71
by Scheldeman et al. (2002) was carried out on all strains listed above as well as on some 72 additional Bacillus fordii strains described by Scheldeman et al. (2004) . For determination of 73 the G + C content of some selected strains, approximately 1 gram of biomass was harvested with a reassociation temperature of 37 °C. All strains (together with the additional B. fordii 81 strains mentioned above), grown on supplemented BHI as outlined above, were subjected to 82 SDS-PAGE analysis of whole cell proteins according to Pot et al. (1994) . The SDS-PAGE 83 data were collected and interpreted as described by Vauterin & Vauterin (1992) . For gas 84 chromatographic analysis of methylated cellular fatty acids (FAME), cells of the same strains 85
were grown for 24h on supplemented BHI. Further analysis was performed as described by 86 oleronius LMG 17952 T were subjected to thin layer chromatography on cellulose plates using 97 the solvent system of Rhuland et al. (1955) . Quinones for both strains were determined as 98 described by Groth et al. (1996) . For polar lipid determination, cells of both type strains were 99 grown for 24h at 37 °C in BHI broth (1liter flasks) supplemented with vitamin B 12 and Numerical analysis of SDS-PAGE patterns of whole cell proteins (supplementary Fig.) revealed 104 three groups that all contain strains sharing at least 80 % similarity between their SDS-PAGE 105 profiles. Groups 1 and 2 are subdivided at about 75 % similarity and group 3 branches at about 65 106 %. The first group is quite heterogeneous and contains the B. sporothermodurans isolates. This 107 group can be further subdivided in three SDS-PAGE subgroups (I to III). The first subgroup I 108 contains sixteen strains, including the type strain, the UHT-milk strains and strains from various 109 other sources (sterilized milk, raw milk, soy and feed concentrate). The second subgroup II 110 (Table 2) . 138
139
Fatty acid analysis did not allow a clear distinction between B. sporothermodurans and B. oleronius 140 (Table 3 ). The B. sporothermodurans strains showed some more heterogeneity than the B. 141 oleronius strains (as can be derived from the greater standard deviation values), but this 142 heterogeneity could not be linked to the heterogeneity observed in SDS-PAGE analysis. Both 143 species could clearly be differentiated from B. fordii by lower amounts of the dominant fatty acid 144 iso-C 15:0 , and higher amounts of anteiso-C 17:0 . 145 B. sporothermodurans strains often grew poorly and benefited from the addition of vitamin B 12 to 146 the medium. They also showed weak reactions in the phenotypic tests, and these reactions were not 147 appreciably enhanced by the addition of vitamin B 12 to the test media. The characters were not only 148 weak but also variable, so that the phenotypic data do not give a clearly distinctive profile that is 149 characteristic for the species. B. sporothermodurans UHT milk isolates not only grew poorly but 150 also sporulated poorly, yet their spores showed very high heat resistances (Scheldeman et al., 151 Isolates from farm environments grew more readily than UHT milk isolates and their spores did not 155
show very high heat resistances (Scheldeman et al., 2006) . Strains of B. oleronius did not require 156 the growth medium to be supplemented with vitamin B 12 , and all strains sporulated well. The 157 phenotypic profiles of the two species did not differ in a large number of characters, although B. 158 oleronius generally gave stronger reactions in its positive tests than did B. sporothermodurans; the 159 variable and weak reactions for both organisms with some other substrates blurred the distinction 160 between the two species ( the peptidoglycan type A1γ (this can be concluded from the fact that meso-diaminopimelic acid has 166 been reported up to now only for the peptidoglycan type A1γ and for three variatons of the type A4 167 γ ; these variations of the type A4 and sporulate poorly, but their spores show very high heat resistance and have the ability to survive ultra high temperature treatment (UHT). This very high heat resistance may decrease upon 204 subculture. Isolates from farm environments may grow more readily than UHT milk isolates but be 205 less heat resistant. Oxidase and catalase positive. Casein and starch are not hydrolysed. In the API 206 20E strip: nitrate is reduced to nitrite, the Voges-Proskauer reaction is variable, citrate utilisation is 207 variable, hydrogen sulphide and indole are not produced, and the ONPG reaction is negative. 208
Gelatin and aesculin are hydrolysed, urea is not. Growth may occur between 20 and 55 o C, with an 209 optimum of about 37 o C. Growth occurs between pH 5 and 9, and NaCl is tolerated up to 5% (w/v). 210
In the API 50CHB gallery, acid without gas is produced from N-acetyl-glucosamine, D-glucose, D-211 fructose, maltose, and from sucrose and D-trehalose by most strains, but reactions may be weak. 212
Acid production from the following carbohydrates is variable: amygdalin, arbutin, D-cellobiose, The major cellular fatty acids (mean percentage ± standard deviation of total fatty acids) after 24 h 220 growth on BHI supplemented with vitamin B 12 at 37 °C are: iso-C 15:0 (33.28 ± 4.42), anteiso-C 15:0 221 (24.87 ± 2.32) and anteiso-C 17:0 (19.58 ± 3.45). The following fatty acids are present in smaller 222 amounts (mean percentage + standard deviation of total fatty acids): C 16:0 (6.69 ± 2.32), iso-C 16:0 223 (6.40 ± 1.61), iso-C 17:0 (5.29 ± 1.22), iso-C 14:0 (1.77 ± 0.70) and C 14:0 (1.51 ± 0.81). The type strain 224 has meso-diaminopimelic acid as the cell wall diagnostic diamino acid and contains the polar lipids 225 diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, aminophospholipid and a 226 phospholipid. Major menaquinones are MK7 and MK8. The G+C content is 36.7 mol% for the type 227 strain LMG 17668 T (=LMG 17894 T (contains colony types t 1 and t 2 ), = DSM 10599 T , = M215 T , = 228 the 16S rRNA gene sequence of the type strain is deposited at EMBL/GenBank under accession 230 numbers U49078 (type I), U49079 (type II) and U49080 (type III). In the variable characters listed 231 above, the type strain gives the following reactions: the Voges-Proskauer reaction is positive, 232 citrate utilisation is negative, and acid without gas is produced from arbutin, D-cellobiose, glycerol, positive. Growth may occur between 30 and 50 o C, with an optimum of 37 o C. Growth occurs at pH 245 5.7 and at 6.8. NaCl is tolerated up to 7% (w/v). Casein is not hydrolysed and starch is sometimes 246 hydrolysed weakly. In the API 20E strip: nitrate is reduced to nitrite, the Voges-Proskauer reaction 247 is variable, citrate is not utilized, hydrogen sulphide and indole are not produced, and the ONPG 248 reaction is negative. Aesculin is hydrolysed, gelatin is weakly hydrolysed and urea is not 249 hydrolysed. In the API 50CHB gallery: acid without gas is produced from N-acetyl-glucosamine, 250 D-cellobiose, D-fructose, D-glucose, mannitol and D-tagatose. Acid production from the following 251 carbohydrates is variable, and when positive it is weak: galactose, glycerol, maltose, D-mannose, 252 ribose, salicin, starch and D-trehalose. Acid is not produced from the following carbohydrates: 253 adonitol, amygdalin, D-and L-arabinose, D-and L-arabitol, arbutin, dulcitol, erythritol, D-and L-fucose, gentiobiose, gluconate, 2-keto-D-gluconate, 5-keto-D-gluconate, methyl-D-glucoside, 255 glycogen, meso-inositol, inulin, lactose, D-and L-lyxose, methyl-D-mannoside, D-melibiose, D-256 melezitose, rhamnose, D-raffinose, sorbitol, L-sorbose, sucrose, D-turanose, xylitol, D-and L-257 xylose and methyl-xyloside. 258
The major cellular fatty acids (mean percentage + standard deviation of total fatty acids) after 24 h 259 growth on BHI supplemented with vitamin B 12 at 37 °C are: iso-C 15:0 (39.24 ± 1.38), anteiso-C 15:0 260 (22.89 ± 2.22) and anteiso-C 17:0 (20.78 ± 0.85). The following fatty acids are present in smaller 261 amounts (mean percentage + standard deviation of total fatty acids): iso-C 17:0 (6.76 ± 1.25), iso-262 C 16:0 (5.37 ± 0.50), C 16:0 (3.35 ± 0.29) and iso-C 14:0 (1.09 ± 0.15). The type strain has meso-263 diaminopimelic acid as the cell wall diagnostic diamino acid and contains the polar lipids 264 diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, aminophospholipid and 265 four different phospholipids. Major menaquinones are MK7 and MK8. The G+C content is 35.2 266 mol% for the type strain LMG 17952 T (= DSM 9356 T , Rt 10 T ) and 34.7 mol% for LMG 17886; the 267 16S rRNA gene sequence of the type strain is deposited at EMBL/GenBank under accession 268 number X82492. In the variable characters listed above the type strain is positive for the Voges-269
Proskauer reaction, and acid without gas is produced from: glycerol, maltose, ribose, starch (weak) 270 and D-trehalose, but not from galactose, D-mannose or salicin. 271
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